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but if one plots on a large scale the  reciprocals of the  
absolute freezing points against the  logarithms of the 
mol. fractions of phthalic acid a straight line results, 
from which the  melting point of pure phthalic acid is 
indicated t o  be 2 0 8 O  * 2’. This linear relation is 
predicted on the  assumption tha t  the freezing-point 
curve conforms to  the  law deduced for ideal systems, 
for i t  follows from Equation I in the-accompanying 
third article of this series tha t  
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near the upper end and SO extended tha t  when the 
air-bath was clamped vertically in a liter sulfuric acid 
bath the  test tube was entirely below the  acid level. 
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0.4343 L 

R c =  
and T = freezing point of the mixture, To = freezing 
point of pure phthalic acid, x = mol. fraction of 
phthalic acid in the  mixture, L = molecular heat of 
fusion of phthalic acid, and R = the  gas constant. 

S U Y MA R Y 

The melting point of pure phthalic anhydride has 
been determined ,to be 130.84’, and the  freezing 
curves for the  system: phthalic anhydride-phthalic 
acid have been established within the limits of compo- 
sition for which the experimental method is applicable. 
By graphical extrapolation the  melting point of pure 
phthalic acid is indicated to  be 2 0 8 ’  * 2 ” .  
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Investigation of the  freezing-point curves of this 
system was undertaken in order t o  assist the solution 
of certain problems arising in fractional sublimation 
of the mixture of naphthalene and phthalic anhydride 
which is the crude product of the air oxidation process 
developed by Gibbs and co-w0rkers.l Apart from 
their practical value, the results are of interest in tha t  
they offer striking conformation to  the  familiar thermo- 
dynamic law which determines the  freezing-point 
curves of ideal systems, while the following experi- 
mental method which has been devised would seem 
particularly well adapted to  the investigation of similar 
systems of substances which sublime readily a t  the 
melting point: 

Mixtures of pure naphthalene2 and phthalic anhy- 
dride3 were weighed into a wide test tube. After 
closing the  tube by a stopper in which were inserted 
a “TYCOS” short stem thermometer4 and a glass guide 
tube for the  platinum stirring rod, the whole was 
lowered into a cylindrical glass air-bath which fitted 
snugly the length of the test tube, but  was widened 

1 THIS JOURNAL, 11 (1919), 1031. 
* The BUredU of Standards’ purest naphthalene was used. Compare 

the observed melting point, 80.05’, with 80.09’, the value obtained by 
Washbnrn and Read, PYOC. Nnt. Acad. Sci., 1 (1915), 191. 

a The fused phthalic anhydride described in the accompanying second 
article of this series, Phthalic Anhydride, 11, was used. 

This was graduated to tenths of degrees, and calibrated by com- 
parison with a Reichsanstalt “Centigrade-Normal” thermometer. 

-- 
FIG. 1 

Since the air-bath was also stoppered, with but  a 
narrow opening to  the atmosphere I through a glass 
guide tube, practically no sublimation was observed 
throughout the entire range of mixtures examined; 
for the test tube was thus surrounded by air a t  a tem- 
perature differing but  slightly from tha t  of the melt, 
and there was practically no convection current through 
the two guide tubes.l 

After fusing to  a clear, homogeneous liquid, the 
temperature was permitted t o  fall slowly t o  the point 
of incipient crystallization while the melt was stirred 
constantly by a mechanical device. The freezing 
point was determined in the usual manner from the 
time-temperature curve. Although it was not feasible 
to  seed the melt, care was taken to  lower the tempera- 
ture exceedingly slowly in the neighborhood of the 

1 The vapor required to saturate the free space was negligible, for the 
mixtures averaged 20 g. in weight and the free space was less than 60 cc. 
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freezing point, while the walls of the tube were con- 
tinually rubbed by the platinum stirring rod. Under 
these conditions duplicate determinations within 0. I 
were obtained without difficulty. Supercooling never 
exceeded 0 . 2  O .  

TABLE I-FREEZING P O I N T S  OF MIXTURES OF NAPHTHALEXE A N D  
PHTHALIC ANHYDRIDE 

WEZGHT MOL. 
PER CENT FREEZING PER CENT 

-4NHYDRIDE ANHYDRIDE POINT 
Solid Phase: Naphthalene 

0 . 0  
9.21 

17.20 
24.21 
27.96 

0 . 0  
8.07 

15.24 
21.66 
25.14 

80.05 
75.1 
71.2 
67.3 
65.2 

Eutectic 
29.0 (interpolated) 26.1 (interpolated) 64.9 

Solid Phase: Anhvdride 
30.11 
32.82 
35.45 
36.00 
40.64 
48.42 
59.15 
70.80 
75.96 
82.82 
91.70 

100.00 

27.24 
29.71 
32.21 
32.74 
37.21 
44.82 
55.62 
67.73 
73.21 
80.67 
90.53 

100.00 

66.3 
io. 1 
73.5 
74.3 
80.4 
88.9 
99.6 

109.2 
113.4 
118.5 
124.8 
130.84 

No evidence was obtained pointing t o  the existence 
of solid solutions. 

Since the molar heat of fusion of naphthalene has 
been accurately determined,' the ireezing points on 
the left-hand curve of Fig. 2 may be calculated readily 
by the Schrbder-LeChatelier formula2 

when I = mol. fraction of naphthalene in the mixture; 
To = freezing point of pure naphthalene; T = freez- 
ing point of the mixture; L = molal heat of fusion of 
naphthalene; R = the  gas constant. The calculated 
values in Table I1 are based upon the assumptions 
tha t  L = 4,560 calories and R = 1.9852 calories per 
degree. 
T 4BLE 11-COMPARISON OF CALCULATED AND OBSERVED FREEZING POINTS 

(NAPHTHALENE AS SOLID PHASE) 

0.7486 65.2 65.1 
0.7834 67.3 67.3 
0.8280 71.2 71.3 
0.9193 75.1 75.6 

X T-273 (observed) T-273 (calculated) 

Although the freezing points on the right-hand 
curve may not be calculated in similar fashion, for 
the  heat of fusion of phthalic anhydride is unknown, 
Equation I may be cast readily into a form suitable 
for testing this curve: 

c =  - TOT loglo x 
( 2 )  At 

when C = a constant; x = mol. fraction anhydride 
in the mixture; To = freezing point of pure anhydride; 

1 Alluard, Ann. c h i n .  plzys., [3] 57 (1859), 476; Pickering, Proc. Roy. 
SOC. London, 49 (1890-1). 18. 

* See Roozeboom, "Die Heterogenen Gleichgewichte," 11, 1, p. 272; 
Washburn,s"Principles of Physical Chemistry" (McGraw Hill Book Co., New 
York, 1915), p. 169. Dahms, Wied. A n n ,  64 (1898), 507, and Washburn 
and Read, LOG cit., have obtained striking experimental verifications of 
this formula in case of systems of organic substances. The systems: 
benzene-naphthalene, benzene-diphenyl, and naphthalene-diphenyl in- 
vestigated by the latter two authors are particularly well adapted to  a 
conclusive test, since they would appear to  approach the ideal condition 
very closely from the viewpoint of chemical similarity. 
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F I G .  2- FREEZING-POINT CURVES FOR SYSTEM PHTHALIC ANHYDRIDE+ 
NAPIITHAL&NG 

T = freezing point of the  mixture; At = To - T. 
The constancy of the calculated values of C in Table 
111 indicates tha t  the right-hand curve also conforms 
to  the law.' 

TABLE 111-CALCULATED VALUES 
EXPERIMENTAL 

z T 
0.2724 339.3 
0.2971 343.1 
0.3221 346.5 
0.3274 347.0 
0.3721 353.4 
0.4482 361.9 
0.5562 372.6 
0.6773 382.2 
0.7321 386.4 
0.8067 391.5 
0.9053 397.8 

os C IN EQUATION 2, BASED 1 
VAI,UBS OF. T 

At C 

1PON 

_. 

1199 

Since 

(3) 
RC L = -  

0.4343 

the  molal heat of fusion of phthalic anhydride is de- 
termined by the data  in this table within the same per- 
centage limits of accuracy as the constant C. As- 
suming the average value of C and the value of R 
previously mentioned, the molal heat of fusion is cal- 
culated t o  be 5,480 calories. 
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1 Additional evidence that  phthalic anhydride behaves as a normal 
liquid has been obtained by application of the criterion recently suggested 
by Hildebrand (J. Am. Chem. SOC., 37 (1915). 970). From an unpublished 
determination of the vapor-pressure curve, the value 13.6 is obtained for  
the entropy of vaporization divided by R a t  the temperature (near 218') 
at which the concentration of vapor is 0.00507 mole per liter; this value 
coincides with the average obtained from Hildebrand's table based upon t h e  
vapor-pressure curves of fifteen normal liquids. 


